Objective: This study is aimed at investigating the in¯uence of body size, body fat and sexual maturation on blood pressure (BP) in adolescents. Design: A cross-sectional study. Setting: A suburban student population of Southern Italy. Subjects: One hundred ninety students attending the ®rst and second year of a secondary school. Five were excluded because they were affected by major diseases. The remaining were 98 M and 87 F (mean age for either group 12.0 AE 0.8 y). Methods: Blood pressure was measured by a mercury sphygmomanometer, body weight by a platform beamscale, other measurements included height, biceps, triceps, subscapular and suprailiac skinfolds by a caliper; sexual maturation was evaluated according to Tanner. Results: Body size was greater than in Tanner's population: in particular body weight (but not height) in our sample markedly exceeded that of the children of the same age in Tanner's population. Boys had higher systolic blood pressure (SBP) than girls (BP 109a64 AE 12a10 vs 103a63 AE 11a8 mmHg, P`0.02 for SBP), while heart rate and waistahip ratio were lower.
Introduction
The prevalence of overweight or frank obesity among children has been found to be relatively higher in Southern Europe than in other countries (Locard et al, 1992) . In North-Eastern Italy the average is 30% at the age of 12 y (Maffeis et al, 1993) , but it is even higher in the South, as shown by a study performed in a 10 y old children population living in Naples (Esposito-Del Puente et al, 1996) . The relationship between body weight (BW) and some so-called metabolic risk factors', ®rstly arterial hypertension, is well documented in adults; there is also evidence that BW is able to in¯uence blood pressure (BP) levels during childhood, at least in baseline conditions (Ferrara et al, 1989) . Pathophysiological speculations imply that the impairment of insulin sensitivity or adrenergic nervous system activity are responsible for the relationship observed (Julius & Johnson, 1985; Philipp et al, 1978; Ferrannini et al, 1987) . The problem is even more intriguing during childhood, since the in¯uence of sexual maturation on BP levels should also be considered (Tanner & Whitehouse, 1976; Vartiainen et al, 1986; Daniels et al, 1996) .
This present study, performed in a school population (age range 10 ± 14 y), aimed at detecting the in¯uence of body size and sexual maturation on BP regulation.
Patients and methods
The study group was composed of one hundred ninety students attending the ®rst and second year of a secondary school in the village of Carinaro, located in the surroundings of Caserta (Campania, Southern Italy). Five of them were excluded because affected by major diseases (one student for pituitary nanism, one for haemophilia, one for secondary obesity, one for hemicolectomy and one for testicle removal due to unknown causes). Of the remaining 185 students, 87 (55 M, 32 F, mean age 11.5 AE 0.6 y) attended the ®rst and 98 (43 M, 55 F, mean age 12.5 AE 0.7 y) the second year. The study was approved by the School Council and the students were included after the informed consent of their parents.
Students were seen in the medical of®ce of the school; sitting BP was measured after a 10 min rest in a quiet and warm environment with a mercury sphygmomanometer, according to the guidelines for pressure control in childhood (Report of the Second task force on blood pressure control in children, 1987), by two experienced observers previously certi®ed and trained to obtain an intraobserver difference below 5%. A pediatric cuff (16610 cm) was used when necessary. Body weight (BW) was measured with the students wearing underwear clothing, using a platform beam-scale (SECA 760). Height was measured with the students standing without shoes. Body mass index (BMI) was calculated as weight (kg) by squared height (m 2 ). Waist and hip circumference were also determined and waist-to-hip ratio calculated (WaH). Skinfold thickness (biceps, triceps, subscapular and suprailiac skinfolds) was measured with a caliper on the left side of the body (Holtan LTD, Crynych, UK) according to well-validated standard techniques. Percent body fat was calculated on the basis of the thickness of the four skinfolds, according to Deurenberg et al (1991) . The lean body mass was calculated as the difference between BW and body fat.
Sexual maturation was evaluated on the basis of pubic hair growth according to Tanner, the students were divided into ®ve classes, according to the results (P 1 ± P 5 ) (Tanner & Whitehouse, 1976) .
Statistical analysis
Data were expressed as mean AE standard deviations. Statistical analysis was performed by unpaired Student t and w 2 -tests. The in¯uence of independent variables on BP was investigated by linear correlation, Spearman rank correlation and multiple stepwise regression analysis using SPSS statistical package. In performing this last analysis, the independent variables were automatically entered starting from the one with the most powerful association with the dependent variable. The SPSS statistical package was used for calculations (Nie et al, 1975) .
Results
Of the 185 students examined, 98 were boys and 87 girls; mean age of the study group was 12 AE 0.8 y. Anthropometric characteristics of the study population are shown in Table 1 . Boys had signi®cantly higher systolic blood pressure (SBP) levels and WaH, and lower heart rate (HR) than girls.
Figures 1 and 2 show a comparison of the 25th, 50th, and 75th height and weight percentiles of our study group (age 11 ± 13 y) with the corresponding data from Tanner's sample (Tanner & Whitehouse 1976) . Values of stature percentiles in our study population were similar or higher than in Tanner's, depending on age and sex. A huge difference in the value of weight percentiles between Signi®cances: *P`0.05; **P`0.02; ***P`0.001. BMI body mass index; SBP systolic blood pressure; DBP diastolic blood pressure; HR heart rate; WaH waist-to-hip ratio; % fat percent body fat.
Figure 1 25th, 50th, and 75th percentile of height and body weight in boys, compared with similar values in boys of the same age in Tanner's population.
Body sizeasexual maturation and blood pressure G Leccia et al groups was present in all sex and age subgroups, our data being well above those from Tanner's. The value of the 50th percentile of weight in our sample is close to the 97th percentile for boys and to the 75th percentile for girls of Tanner's study group, at 12 y of age. Students were divided into those in prepubertal (P 1 ± P 2 ) and pubertal phase (P 3 ± P 4 ), no-one being in the last stage of sexual maturation (P 5 ): 77 boys were prepubertal and only 21 pubertal. On the opposite, most of girls were in the pubertal phase (n 48) and only 39 were prepubertal.
Among boys, puberty mainly affected percent body fat which was signi®cantly reduced in the pubertal phase. SBP and HR were higher in pubertal boys than in prepubertal ones. These differences, however, did not reach statistical signi®cance (Table 2 , left). At variance, BP was signi®-cantly higher in the subgroup of pubertal girls, as compared to prepubertal ones. Percent body fat was slightly, but not signi®cantly, lower in pubertal girls, who also showed a signi®cantly lower WaH than the prepubertal ones (Table 2, right).
We have, subsequently, investigated the possible relationships between BP and the anthropometric characteristics of the students. Height, BW, and BMI were signi®cantly related to SBP in both sexes and to diastolic blood pressure (DBP) in the female subgroup only, as shown by linear correlation analysis. A signi®cant correlation was found between calculated lean body mass and SBP and DBP in girls. Lean body mass was also correlated with SBP in boys. Percent body fat was signi®cantly related to SBP in the boys. The relationship between BP and sexual maturation, investigated by the Spearman rank correlation, was found to be signi®cant in girls only (Table 3) .
The independent in¯uence of these variables on BP was evaluated by stepwise multiple regression analysis. Students were divided into quartiles of age, height, BW, BMI and percent body fat. For these variables the value of the corresponding quartile was assigned to each student: these values were used, along with the stage of sexual maturation (1 ± 4), in the multiple regression analysis. Different models were tested, all of them including age and sexual Signi®cances: *P`0.05; **P`0.01; ***P`0.001. BMI body mass index; SBP systolic blood pressure; DBP diastolic blood pressure; HR heart rate, WaH waist-to-hip ratio; % fat percent body fat.
Body sizeasexual maturation and blood pressure G Leccia et al maturation, whilst height, BW, BMI, lean body mass and percent body fat were alternatively entered. Anthropometric variables were independently associated with SBP in both sexes, explaining up to 31% of its variability in girls, whilst they account for DBP variability in the female subgroup only (Table 4) . Percent body fat was associated with SBP in boys only. When tested along with percent body fat or BMI, an independent in¯uence of sexual maturation on SBP and DBP was detected in the female subgroup. In the male subgroup, sexual maturation was associated with SBP only when percent body fat was included in the analysis.
Discussion
The distribution of BW and height values in our population shows a marked difference in BW between the children from Carinaro and those studied by Tanner, at each age group. Stature was also different, albeit to a smaller extent. These data suggest a high prevalence of obesity in our study group. This conclusion can also be supported comparing our results with those recently obtained in a population of 10 y old children living in Naples. Percentile values of BMI in this group were markedly higher than in populations of the same age and sex from other countries: the prevalence of obesity, evaluated on the basis of different cut-off values, was always greater (Esposito-Del Puente et al, 1996) . In the village of Carinaro, we observed percentile BMI values close to, or even higher than those of Neapolitan children.
Several studies in adults (Stamler et al, 1978; Kannel et al, 1967; Tyroler et al, 1975) as well as in adolescents (Lauer et al, 1991; Horswill & Zipf, 1991) have shown a close relationship between BW and BP levels. In a previous observation in a suburban community of a geographical area in the surroundings of Naples (Ferrara et al, 1989) , some of us have reported that BP increases concomitantly with BW, values in higher BMI quintiles being signi®cantly different from those of the lowest one. However, at that time no data were collected on body composition and sexual maturation stage: the lack of this information has not allowed a multivariate analysis on the independent in¯uence of BW on BP values.
In addition to BMI, simple indicators of percent body fat, like triceps skinfold thickness, have been found useful in children (Cronk & Roche, 1982) . Moreover, also body fat distribution (that is, waist-to-hip ratio), a better predictor of cardiovascular mortality than BMI in middle age (Larsson et al, 1992) , might help understand BP variability in childhood. We did not ®nd any correlation between WaH and BP, whilst our data con®rm the already known relationship between BWaBMI and BP values (Ferrara et al, 1989; Lauer et al, 1991; Horswill & Zipf, 1991; Hofman & Valkenburg, 1983; Falkner et al, 1981) .
We have also investigated whether other anthropometric factors, body composition and sexual maturation are related to SBP andaor DBP. Gender appeared to in¯uence SBP, which was signi®cantly higher in male than female students, independently of pubertal state. No sex-related difference was detected in DBP values. The pubertal subgroup of female students had signi®cantly higher BMI and BP than the prepubertal subset, while pubertal boys had less percent body fat than prepubertal ones. We found height, BW and lean body mass to be strongly related to SBP in both boys and girls, and to DBP in girls only. The association of percent body fat with BP, on the other hand, was weak and con®ned to SBP solely among boys. This ®nding is in agreement with previous studies (Vartiainen et al, 1986; Stallones et al, 1982) indicating that fatness and anatomical distribution of subcutaneous fat are not signi®-cantly associated with BP during childhood.
The independent role of sexual maturation in determining BP values is still controversial (Vartiainen et al, 1986; Daniels et al, 1996; Heald et al, 1963; Londe et al, 1975) . In this present study it was signi®cantly correlated to SBP and DBP in girls when the Spearman correlation analysis was performed; an independent role on BP variability was, however, detected only when BMI or percent body fat were considered, whilst it completely disappeared when BW, height and lean body mass were tested in the regression equation. This ®nding is only in part consistent with a recent paper showing that the effect of sexual maturation on BP operates through height and body fat (Daniels et al, 1996) . Our data suggest, indeed, that sexual maturation exerts its effect on BP mainly by acting on body size, whilst percent body fat does not seem to have a very strong effect on BP levels.
Conclusions
This study con®rms previous observations performed in Southern Italy indicating that adiposity in the children of this region is higher than in those of other countries. Body size appears to be the most powerful determinant of BP variability, whilst the in¯uence of sexual maturation seems Signi®cances: *P`0.05; **P`0.01; ***P`0.001. Ht height; BW body weight; BMI body mass index; %fat percent body fat; LBM lean body mass; SM sexual maturation. Table 4 Adjusted squared coef®cients (r 2 ) of the regression of anthropometricabody composition parameters and sexual maturation on systolic (SBP) and diastolic (DBP) blood pressure. Age was included in all statistical models, but its association with SBPaDBP did not reach signi®cance. Signi®cances: *P`0.05; **P`0.01; ***P`0.001. Ht height; BW body weight; BMI body mass index; LBM lean body mass; % fat percent body fat; SM sexual maturation.
Boys
Body sizeasexual maturation and blood pressure G Leccia et al to be largely mediated by its effects on anthropometric parameters.
